A novel monopole-type antenna, which covers the bandwidth 3.1 -10.6 GHz is presented. The shorted and folded planar monopole antenna is constructed by folding a thin copper sheet in such a way that one edge of the radiating element is connected to the ground plane. Simulated and measured results show suitable characteristics for communications systems using ultrawide-band (UWB) technology. Moreover, its reduced dimensions make this antenna a valuable candidate for vehicular, in-door and mobile applications.
Introduction
Since the Federal Communication Commission (FCC) allocated a 7.5 GHz bandwidth between 3.1 and 10.6 GHz for communication purposes, research effort has concentrated on developing antennas operating over this extremely wide frequency range called ultrawideband (UWB). Such a wide range of frequencies implies many challenging issues. Not only does the return loss have to remain greater than 10dB over this range, but appropriate radiation properties should be guaranteed throughout the entire working bandwidth. In particular vehicular and in-door applications require a significant omnidirectionality of the radiation pattern at the H-plane. Moreover, cross-polarization purity is a critical parameter that has to be taken into account for a complete analysis. On the other hand, when a low-profile is also required, a compromise between dimensions and radiation properties has to be considered and trade-offs are made. In particular, planar metal-plate monopole antennas have been reported to have broad-band properties and omni-directional patterns [Agrawall, Kumar & Ray, 1998 ] and [Su, Wong & Tang, 2004] . Moreover, miniaturization techniques are easy to be integrated in this simple technology [Wong, Tseng & Teng, 2004] . The antenna presented in this paper offers a 10 dB return loss between 3.1 and 12 GHz and good omni-directionality of the H-plane pattern over the entire operating bandwidth. At the same time, very compact dimensions make this radiating element an important solution for portable applications. Beveling, offsetting of the feed point and shorting elements have been demonstrated to be very effective techniques of bandwidth enhancement [Ammann & Chen, 2003] . Indeed an angular reshaping of the bottom edge of the radiating element involves a strong change in the current distribution at the most critical region of the antenna. A double bevel acts on the capacitive coupling between the ground plane and the radiating element. The major documented effect of the insertion of the bevel [Ammann, 2001 ] is a shift upward of the upper edge frequency. By displacing the feed point in an offset position with respect to the center of the radiating element, more modes are excited simultaneously with a consequent enlargement of the impedance bandwidth [Ammann & Chen, 2003 ]. In the same way, the grounding system introduced in this antenna enhances the operating bandwidth of the antenna. However, this time not only can an improvement in terms of impedance bandwidth be observed, but also a positive effect on the radiation pattern is produced. This shorting system compensates for the distortion introduced by folding the antenna.
Antenna Design
The novel shorted UWB antenna presented in this paper is made of 0.2 mm thick copper sheet and vertically mounted at the center of a 60 x 60 mm ground plane (Fig. 1) . The input signal is launched through a 50 Ω coaxial probe of a 0.6 mm radius with a feed gap equal to 1.3 mm between the ground plane and the base of the radiator. This original radiating element is obtained by folding a planar monopole, so that the top edge is attached to the ground plane. The feed probe extends a distance 1.3 mm above the ground plane and is connected to the beveled planar structure as shown in Figure 1 . The distance between the ground plane and edge of the beveled plate H2 is equal to 5.2 mm on both sides. Due to the offset feed point, an asymmetry in the bevel must be introduced, as it can be seen in Fig.1 . This is the only non symmetrical part of the radiating element. The horizontal and the shorting element do not introduce any asymmetry in the geometry of the antenna. The distance of the horizontal section of the radiator from the ground plane, H1+H2 is equal to 10.95 mm, which corresponds to λ 0 /4 at the center frequency of the UWB bandwidth (6.85 GHz).
Impedance Characteristics
The impedance bandwidth of the antenna presented is measured in terms of 10 dB return loss and covers the range of frequency 3.1 -10.6 GHz required for UWB technology. Different enhancement bandwidth techniques have been adopted designing the radiating element and a strong interaction between them has been taken into account. In particular, the ability of the feedgap between the radiator and the ground plane to control the impedance performance is significantly reduced when bevels are introduced. In fact, the bevel angle and feedgap are strongly coupled and a joint optimization has to be made. Figure 2 shows a comparison between the return loss obtained by measurement on a manufactured prototype and numerical analyses using the finite integration time-domain technique (CST Microwave Studio). An acceptable agreement has been achieved. The different bandwidth enhancement techniques introduced largely contribute to extend the operating bandwidth of this antenna to the UWB specifications. The double bevel makes the upper edge frequency shift upwards, whereas the shorting element significantly improves the return loss at low frequencies.
Radiation properties
Radiation patterns of the UWB antenna presented have been investigated both numerically and experimentally. Figure 3 displays the simulated gain versus frequency. It shows a very stable behavior throughout the entire operating bandwidth. A flat gain response is a crucial characteristic when a steady performance is required over a very large working bandwidth. Figs. 5 and 6 show good omni-directional patterns with a suitable cross-polarization purity especially at lower frequencies. From figures 4, 5b and 6a a maximum around θ = 30° can be noticed. This phenomenon is believed to be due to the co-presence of monopolar modes and transmission-line (patch) modes introduced by the horizontal planar element. This is also supported by the fact that the typical monopolar null depths are shallow and shifted from θ =0°. 
Conclusions
A new compact, low-profile antenna has been introduced to satisfy requirements of UWB technology. Numerical and experimental results have been presented. The antenna is shown to provide good omni-directionality of radiation characteristics, with stable gain and high efficiency.
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